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Description 

Method and apparatus for scanning a 
specimen using an optical imaging 

system 

Cross Reference to Related Applications 

[0001] This application claims priority of the German patent ap- 
plication 102 32 242.2 which is incorporated by reference 

herein. 
Background of Invention 

[0002] The invention concerns a method and an apparatus for 

scanning specimens using an optical imaging system and 
a scanning stage, images of the specimen being acquired 
by means of a camera, and/or measurements on the 
specimen being made by means of an optical measure- 
ment device, at specimen points X , Y . 

p p 

[0003] The images or measurements performed at the specimen 
points are used for inspection and mensuration purposes. 
Inspection and mensuration systems with microscopes, 



with which faults and defects on wafers can be recognized 
and classified, are used in particular in semiconductor 
technology in the manufacture of integrated circuits on 
wafers. For that purpose, the wafers are displaced with the 
scanning stage in the X and Y directions. Conventionally, 
at each inspection or measurement location (specimen 
point), focusing occurs in the Z direction using a focusing 
system, and an image is acquired and/or a measurement 
performed. Focusing at the specimen points is necessary, 
among other reasons, in order to compensate for me- 
chanical errors of the scanning stage in the Z direction. 
[0004] The mechanical shortcomings of the scanning stage cause 
running errors upon displacement of the scanning stage. 
The running errors are brought about principally by dead 
weight and by the design of the bearings and guides of 
the scanning stage. Because of differing torques 
(resulting, for example, from different overhangs of the 
scanning stage), differing forces are caused in the bear- 
ings of the stage guidance system depending on the par- 
ticular X-Y position of the scanning stage. These result in 
different inclinations of the scanning stage as a function 
of its X-Y position. The scanning stage therefore runs in 
inhomogeneous fashion upon displacement, i.e. the dis- 



tance between the surface of the scanning stage and the 
optical system varies during displacement of the scanning 
stage. 

[0005] Because of these running errors of the scanning stage, 

even in the case of flat specimen surfaces the image field 
is focused manually or with a focusing system so that a 
sharply focused image is always available for visual obser- 
vation, for image acquisition with a camera, or for optical 
measurement purposes. A method of this kind with con- 
ventional focusing at the observation location and subse- 
quent image acquisition or measurement is, however, dis- 
advantageous for the requirements of rapid passes with 
many image acquisition or measurement points on the 
specimen, because of the large time expenditure. This is 
especially the case, of course, when a specimen needs to 
be completely scanned for a 100% inspection, for example 
in the case of a wafer in order to identify and classify de- 
fects or particles on the wafer surface. 

[0006] u.S. Pat. No. 6,256,093 describes an on-the-fly automatic 
substrate defect classification procedure in which the 
wafer is scanned using an X-Y stage in order to locate de- 
fects. A laser light source illuminates the wafer in spot 
fashion during scanning. No focusing means are used 



here. The light scattered by the wafer is acquired using at 
least two separate detectors and evaluated in terms of 
various properties such as intensity, linearity, and asym- 
metry. 

[0007] u.S. Pat. No. 6,172,349 discloses an automatically focus- 
ing, high-resolution microscope in which surfaces within 
the microscope image field differing from the surfaces on 
which measurements are performed are used for focusing 
on a wafer. For this, during a set-up phase an identifica- 
tion is made, within each microscope image field, of that 
surface portion at which, during displacement in the fo- 
cusing direction, the intensity meets the criterion of maxi- 
mum signal-to-noise ratio. When the wafer is subse- 
quently inspected, only the light reflection from those 
identified surface portions within the respective micro- 
scope image field is used to focus the microscope. In or- 
der to increase wafer throughput, the microscope stage 
can be continuously displaced from one measurement lo- 
cation to another, and images can be acquired on the fly. 
Summary of Invention 

[0008] it is the object of the invention to describe a method and 
an apparatus for scanning a specimen using an optical 
imaging system and a scanning stage which, in simple 



fashion, can compensate for the mechanical shortcomings 
of the scanning stage as it is displaced with respect to the 
optical imaging system, and makes possible fast scanning 
runs of specimens. 

[0009] The object is achieved, with a method of the kind cited 
above, by the following steps: 

[0010] -calibrating the scanning stage by obtaining and storing 
height values Z at different calibration positions X, Y of 
the scanning stage, and thereby generating a running 
height profile of the scanning stage; 

[0011] -scanning specimens, in each case 

[0012] — determining a reference height Z of the specimen at 

the beginning of a specimen scan, 

[0013] — traveling to specimen points X , Y using the scanning 

p p 

stage, 

[0014] — setting, while traveling to specimen point X , Y , a 

p p 

specimen height position Z p pertinent to the respective 

specimen point X , Y , the specimen height position Z 

p p " p 

being determined from the reference height Z and the 

3 3 ref 

running height profile of the scanning stage, and 
[0015] — acquiring an image and/or performing a measurement 

at specimen point X , Y . 

p p 

[0016] The object is also achieved by way of an apparatus for 



scanning specimens using an optical imaging system and 

a scanning stage, the apparatus comprises: 

[0017] _ a control unit for displacing the scanning stage, to at 

least one calibration position X, Y during a calibration of 

the scanning stage in order to obtain a height profile of 

the scanning stage; to specimen at least one specimen 

point X , Y during scanning of the specimen; and for set- 
p p 

ting a specimen height position Z at each specimen point 

p 

X , Y ; 
p p 

[0018] _ a memory for storing the height profile of the scanning 
stage; 

[0019] _ a computation unit for determining the specimen height 

position Z at the respective specimen points X , Y from 
p p p 

a reference height Z of the specimen and from the 

3 ref ^ 

height profile of the scanning stage; and 
[0020] _ an optical device for acquiring data at each specimen 

point X , Y . 
p p 

[0021] The advantages of the invention lie in the fact that a high 
throughput of specimens can be achieved because of the 
rapid scanning of the specimens, and the specimen is 
nevertheless sufficiently sharply focused at each specimen 
point for image acquisitions or measurements. Focusing 
performed only at the specimen points is eliminated. Even 



before reaching the specimen points, the scanning stage 
travels to the associated specimen height position. This 
ensures that when each specimen point is reached, the 
specimen is already sharply focused for it. When each 
specimen point is reached an image can thus be acquired, 
or a measurement performed, immediately, thereby 
achieving a time savings when scanning the specimen. 

[0022] | n a particular exemplary embodiment, the image acquisi- 
tion or measurement is performed on the fly, i.e. the 
scanning stage travels continuously through the specimen 
points without stopping. This has the additional advan- 
tage that no time-consuming deceleration and restarting 
of the scanning stage at the specimen points is per- 
formed. Specimen throughput is thereby additionally in- 
creased. In this context, of course, the image acquisitions 
or measurements must be accomplished in a correspond- 
ingly short time. Such times lie, depending on the appli- 
cation and on the displacement speed of the scanning 
stage, in the range from a few milliseconds to microsec- 
onds. If applicable, xenon flash lamps with correspond- 
ingly short flash times are available. 

[0023] p r j or calibration of the scanning stage allows its running 
errors to be identified, i.e. the variation in height Z as a 



function of the displacement position of the scanning 
stage in the X and Y directions is determined. According 
to the present invention, a running height profile is cre- 
ated from the running errors. Depending on the nature 
and size of the scanning stage, the maximum variations in 
height Z can be from a few tens to a few hundreds of mi- 
crometers. 

[0024] a precondition for the method or the apparatus according 
to the present invention is that the three-dimensional 
features on the specimen lie within the depth of focus of 
the imaging optical system, i.e. that the height variations 
of the features are correspondingly small. 

[0025] \f t on the other hand, the features on the specimen are 

larger than the depth of focus of the imaging optical sys- 
tem, and the three-dimensional features of the individual 
specimens are identical to one another, those features can 
be measured, for example, in a calibration run. The fea- 
tures may also possibly already be known, however, and 
be available as information in a memory, for example the 
features of semiconductor wafers. Three-dimensional fea- 
tures of this kind exceeding the depth of the focus of the 
imaging optical system, known or identified by mensura- 
tion, can be taken into consideration for scanning identi- 



cal specimens by being linked, together with the calibra- 
tion of the scanning stage, to a running height profile. 
[0026] The initial calibration during which the running height 
profile of the scanning stage is identified can be per- 
formed with a variety of methods and means. For exam- 
ple, the scanning stage running profile can be scanned 
mechanically or measured optically, e.g. using a separate 
laser or by means of a separate image processing system. 
It is of course also possible to focus manually at various X, 
Y positions of the scanning stage using the imaging opti- 
cal system, and to store the identified vertical value Z to- 
gether with the relevant X, Y positions. If, however, an au- 
tomatic focusing system is already integrated into the 
imaging optical system, as is usual with fully automatic 
inspection and mensuration systems in semiconductor 
fabrication, the running height profile of the scanning 
stage is preferably obtained by focusing with the inte- 
grated focusing system at several X, Y positions of the 
scanning stage. Here focusing is performed either directly 
onto the flat surface of the scanning stage, or onto a flat 
substrate laid onto the scanning stage. Such substrates 
can be, for example, a glass plate, a mirror, or an unpat- 
terned blank wafer. LED or laser autofocus systems are 



preferably used as focusing systems. 

[0027] Essentially any X, Y positions of the scanning stage can be 
employed for calibration of the scanning stage. Advanta- 
geously, the X, Y positions can be distributed in a regular 
arrangement, for example at a constant spacing and line- 
by-line in the X-Y coordinate system of the scanning 
stage. This particular distribution makes possible time- 
saving meander-pattern scanning. The density of the X, Y 
positions for mensuration of the running errors of the 
scanning stage can be established based on the nature 
and size of the scanning stage, or on the required accu- 
racy of the measurement tasks. 

[0028] The X, Y positions, together with the associated Z height 
values, can be stored in ordinary storage media such as 
those for magnetic recording, or on a compact disk or in 
electronic memory modules. A lookup table is especially 
suitable for this, since it allows rapid access to the mem- 
ory contents and thus rapid retrieval of the stored values. 

[0029] These values are used, when specimens are scanned, to 
obtain the appropriate focus setting at the corresponding 
specimen points. Consideration is given, in this context, 
to a reference height Z of the specimen, which may 

ref 

possibly differ from one specimen to another. Either ref- 



erence height Z is already known as the thickness of the 
specimen, or the specimen thickness is identified me- 
chanically or by optical mensuration, or the surface of the 
specimen is determined as the reference plane. 
[0030] if the exact thickness of the specimen is already known, it 
is of course possible to dispense with an initial measure- 
ment of specimen thickness or a determination of the ref- 
erence plane of the specimen. With a previously-known or 
measured specimen thickness, that thickness corresponds 
directly to reference height Z if the running height pro- 
file of the scanning stage refers to the surface of the 
scanning stage. If the calibration of the scanning stage is 
performed using a flat substrate lying thereon, the thick- 
ness of the substrate must then be correlated with the 
specimen thickness in order to identify reference height Z 
. Reference height Z is zero when the thicknesses of 

ref 3 ref 

the calibration substrate and of the specimen are identi- 
cal. The running height profile of the scanning stage is re- 
ferred to reference height Z in order to identify speci- 

ref 

men vertical positions Z at specimen points X , Y . 

p p p 

[0031] For very accurate measurements and in order to ensure 
reliability, it is recommended to check each specimen by 
explicitly determining its thickness or its reference plane. 



The reference plane is identified by a distance measure- 
ment or preferably by focusing. This involves, prior to be- 
ginning a specimen scan with a new specimen, traveling 
to at least one arbitrary location on the specimen and fo- 
cusing there, so that a reference coordinate triplet X , Y 
, Z is obtained. This reference coordinate triplet X , Y 

ref ref ref 

, Z is the reference point for the stored running height 

ref ref 

profile of the scanning stage. To improve the accuracy of 
reference height Z , it is of course possible to travel to 
several reference locations X , Y on the specimen, fo- 

ref ref 

cus at each one, and identify for example, by averaging a 
more accurate reference for the running height profile. 
The accuracy of the specimen height positions Z^ at spec- 
imen points X , Y is thereby also improved, 
p p 

[0032] |f specimen point X , Y is not located at a calibration po- 

p p 

sition X, Y, it is possible to determine from the calibration 

coordinates X, Y, Z located around specimen point X , Y , 

p p 

by interpolation or by means of known mathematical ap- 
proximation functions, the specimen height position Z 

p 

for the specimen point X , Y located between calibration 

p p 

positions X, Y. 

[0033] if a || specimen points X , Y are coincident with calibration 

p p 

positions X, Y, the corresponding height value Z can 



preferably be taken directly from a lookup table for deter- 
mination of the specimen height position Z^. 
[0034] while the scanning stage is traveling to specimen points X 

, Y , the associated specimen height position Z is calcu- 
p p p 

lated and set. As an alternative to individual calculation 

before traveling to each specimen point X , Y , all the 

p p 

specimen height positions Z^ can also be calculated be- 
forehand, from reference height Z and the running ver- 
tical profile of the scanning stage, and stored. The speci- 
men height positions Z^ can then be retrieved directly as 
the specimen is scanned. A prerequisite for this alterna- 
tive is, of course, that all specimen points X , Y that 

p p 

might possibly be traveled to are already known before 
the specimen is scanned. This precondition is met in many 
applications, especially those in which the specimen is 
scanned line-by-line. 
[0035] | n principle, systems also exist in which the relative mo- 
tion between specimen and imaging system is also imple- 
mented conversely, with a displaceable imaging optical 
system and stationary specimen stage, rather than with a 
displaceable scanning stage and stationary imaging opti- 
cal system. The method according to the present inven- 
tion of course also applies to such systems, since running 



errors occur upon displacement of the imaging optical 

system for scanning the specimen in the same way as is 

the case with a scanning stage. 

[0036] Certain investigations of the specimen are performed at 

specimen points X , Y . These usually involve acquiring 

p p 

images of the specimen, and/or making optical measure- 
ments on the specimen. If the entire specimen is to be 
covered in the case of image acquisition, the image field 

of the camera and the spacings of specimen points X , Y , 

p p 

i.e. the density of specimen points X , Y , are selected in 

p p 

such a way that juxtaposition of the images of all the 

specimen points X , Y yields an image of the entire spec- 

p p 

imen. The absolute size of the image field depends on the 
magnification of the optical imaging system. 

[0037] The acquired images are in most cases images in the visi- 
ble wavelength region of light. Images in the infrared or 
UV regions, or even in the X-ray region, are, however, 
equally possible. The acquired images are evaluated in or- 
der, for example, to detect, analyze, and classify defects 
or contaminants on the specimen surfaces of semicon- 
ductor wafers in particular. 

[0038] with regard to optical measurements at specimen points X 

, Y , the specimen is generally irradiated with light and 
p p 



the light coming from specimen points X , Y , i.e. for ex- 

p p 

ample the reflected light or also fluorescent light from the 
specimen surface, is acquired by the optical imaging sys- 
tem. The intensity or spectral distribution of the acquired 
light can then be identified using measurement devices, 
so that conclusions may be drawn therefrom as to the 
material properties or surface conditions of the specimen. 
In many cases, a spectrophotometer or ellipsometer is 
used to identify optical properties such as refractive in- 
dex, absorption properties, or the thickness of layers that 
have been applied to the specimen. By scanning the sam- 
ple, measured data can be acquired from specific por- 
tions, or systematically from the entire specimen. 
[0039] The optical imaging system in question is in particular a 
microscope or a macroscope. With the microscope, small 
areas and small features on the specimen are magnified. A 
macroscope is used to magnify and examine relatively 

coarse features, and is used e.g. in forensic science. 
Brief Description of Drawings 

[0040] The invention will be explained in more detail below with 
reference to the exemplary embodiments depicted in the 
drawings, in which, schematically in each case: 

[0041] FIG. 1 shows an arrangement with a scanning stage and 



an optical and electronic system; 
[0042] FIG. 2 shows calibration positions X, Y in a regular ar- 
rangement; and 

[0043] FIG. 3 shows a running height profile of a scanning stage. 
Detailed Description 

[0044] FIG. 1 shows an arrangement having a scanning stage 2, 
an electronics device 11, and an optical arrangement 7. A 
specimen 1 lying on the scanning stage is to be investi- 
gated at various specimen points X , Y using optical ar- 

p p 

rangement 7. Optical arrangement 7 comprises an optical 
imaging system 3 and optionally a camera 4 and/or a 
measurement device 5 and/or a focusing system 6. An 
electronics device 11 is provided for controlling optical 
arrangement 7 and scanning stage 2. Said device contains 
a computation unit 8, a control unit 9, and a memory 10. 
[0045] Electronics device 11 can be embodied as an external unit 
or can be integrated into optical arrangement 7, into 
scanning stage 2, or into a PC. The individual assemblies 
of electronics device 11 can of course also be distributed; 
for example, computation unit 8 and memory 10 can be 
integrated into optical arrangement 7, and control unit 9 
into scanning stage 2. An external PC can also, however, 



serve as computation unit 8 and memory 10, and control 
unit 9 can be configured separately. 
[0046] | n a fj rs t step according to the present invention, a cali- 
bration of scanning stage 2 is performed with regard to its 
running errors. For this purpose, scanning stage 2 is dis- 
placed in the X and Y directions. Because of its weight and 
its mounting in guidance elements, tilts and height fluctu- 
ations of the scanning stage surface on which specimen 1 
is placed occur during displacement of scanning stage 2. 
These irregularities and fluctuations of the scanning stage 
in the Z direction are detectable upon observation of 
specimen 1 using the optical imaging system, and are 
troublesome when images are acquired using camera 4, 
or result in inaccuracies when measuring with measure- 
ment device 5. Normally, therefore, focusing occurs at 

each specimen point X , Y before an image acquisition or 

p p 

measurement is performed. According to the invention, 
however, a focusing operation is not performed at speci- 
men point X , Y ; instead, the running errors of scanning 
p p 

stage 2 are already taken into account as specimen point 

X , Y is traveled to. 
p p 

[0047] jo achieve this, the running errors of scanning stage 2 
must of course be known. They are determined from a 



calibration of scanning stage 2. The calibration is accom- 
plished at several calibration positions X, Y. At those posi- 
tions, a determination is made of the pertinent Z correc- 
tion values by which the scanning stage must be adjusted 
in the Z direction so that the absolute Z height of the 
scanning stage, and thus its distance from imaging sys- 
tem 3, remains constant. These Z correction values can be 
obtained by mechanical or optical scanning of scanning 
stage 2 at a plurality of calibration positions X, Y. Optical 
scans can be performed, for example, using an external 
laser beam (not depicted in FIG. 1) that measures the 
changes in inclination and height of scanning stage 2 at 
calibration positions X, Y. Optionally, the laser beam can 
also be passed through optical imaging system 3, and its 
light reflected from the specimen can be measured using 
a laser rangefinder present in measurement device 5. The 
distances between the laser rangefinder and the respec- 
tive calibration positions X, Y yield a running height pro- 
file of scanning stage 2. 
[0048] Another optical scanning operation encompasses image 
processing of the images acquired with camera 4, on the 
principle of a TV autofocus system. Here, scanning stage 
2 is displaced in the Z direction at each calibration posi- 



tion X, Y, and images are acquired at various Z positions. 
From this image stack, a suitable image is identified using 
certain criteria (e.g. by way of a contrast function), and its 
associated Z position is the desired height value Z for the 
calibration position X, Y. In this fashion, the running 
height profile of scanning stage 2 is obtained. 

[0049] For image processing, either the surface of a specimen 1 
having substantially flat features can be imaged, or alter- 
natively an image projected onto an (in particular) unpat- 
terned surface of a specimen 1, or an image projected di- 
rectly onto the flat surface of scanning stage 2, can be 
imaged. In the projected image, appropriate contrasts can 
be provided for optimum image processing by means of 
adjacent dark and very bright regions. 

[0050] a further possibility for optical scanning for identification 
of the running errors of scanning stage 2 in the Z direc- 
tion is to focus with focusing system 6 on calibration po- 
sitions X, Y. Here scanning stage 2 is moved to each cali- 
bration position X, Y and stopped there, and focusing oc- 
curs onto the surface of scanning stage 2. The height 
value Z resulting from focusing is stored together with the 
associated calibration position X, Y. The running height 
profile of scanning stage 2 is thereby identified. 



[0051] Focusing system 6 is preferably an LED or laser autofocus 
system. Instead of focusing directly onto the surface of 
scanning stage 2, it is also possible to focus onto a suit- 
able flat substrate having a constant thickness, i.e. a 
blank wafer. This is advantageous in particular if speci- 
mens 1 to be investigated later are themselves wafers. 

[0052] Calibration positions X, Y can essentially be selected arbi- 
trarily within the X and Y displacement ranges of scanning 
stage 2. They can also be traveled to arbitrarily during 
calibration. The arrangement selected for calibration posi- 
tions X, Y is usually linear, as shown in FIG. 2. In such a 
case calibration positions X, Y are scanned in meander 
fashion for calibration. It is additionally advantageous if 
the entire displacement range of scanning stage 2, or at 
least the displacement range for specimen 1, is sensed for 
calibration. The density of calibration positions X, Y can 
be selected in accordance with the properties of the scan- 
ning stage, so that a sufficiently accurate running height 
profile can be created. 

[0053] The methods and possibilities recited above by way of ex- 
ample thus yield a running height profile of scanning 
stage 2. FIG. 3 shows an example of a measured running 
height profile. The identified height values Z are plotted 



against the associated calibration positions X, Y. The run- 
ning height profile is stored in memory 10. Scanning 
stage 2 is thus sensed in terms of its displacement or 
running properties, and its calibration is complete. 
[0054] Calibration of scanning stage 2 is accomplished at least 
once upon assembly of the arrangement shown in FIG. 1. 
The calibration of scanning stage 2 may be repeated, if 
applicable, at a later point in time. Recalibration of scan- 
ning stage 2 is particularly advantageous in a context of 
intensive use, since the displacement of scanning stage 2 
results in mechanical wear, and the guide elements and 
therefore the running errors of scanning stage 2 can 
change. 

[0055] Based on the calibration, a variety of specimens 1 can now 

be investigated at any arbitrary specimen points X , Y . 

p p 

While scanning stage 2 is moving to a specimen point X , 

p 

Y , the corresponding specimen vertical position Z , is al- 
p p 

ready being set. Setting of the specimen height position Z 

p 

occurs, at the latest, upon arrival at specimen point X , Y . 

p p 

[0056] The specimen vertical position Z is determined byway of 

p 

the calibration, i.e. by means of the running height profile 
of scanning stage 2. The running height profile is based 
on a specimen-specific reference height Z at a reference 



location X , Y of specimen 1. For example, if the thick- 

ref ref 

ness of the substrate with which calibration of scanning 
stage 2 was performed is identical to the thickness of 
specimen 1 being investigated, reference height Z is 
then zero and the calibration values from the running 
height profile can be used directly without further conver- 
sion. If the thicknesses of specimens 1 are different but 
are known, they are taken into account accordingly and 
the differences with respect to the substrate thickness are 
respectively added in order to obtain reference height Z . 
The running height profile is correspondingly corrected 

using this reference height Z . 
3 3 ref 

[0057] Reference heights Z are preferably determined experi- 
mentally for each new specimen 1 by means of a mea- 
surement, e.g. by focusing with focusing system 6 at a 
reference location X , Y . This increases reliability and 

ref ref 

improves accuracy. Any arbitrary reference location X , Y 

ref ref 

on the specimen can be selected in this context. Option- 
ally, multiple reference heights Z can also be measured 
at different reference locations X , Y if even greater ac- 
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curacy is necessary. 
[0058] From the known or experimentally determined reference 
height Z and the running height profile, the specimen 



height position Z for specimen point X , Y being trav- 

p p p 

eled to is then calculated. This calculation is performed, 

either only during travel to a specimen point X , Y , or be- 

p p 

forehand once reference height Z has been identified, in 

ref 

order to obtain a corrected running height profile. If cali- 
bration positions X, Y coincide with specimen points X , Y 

p 

, the specimen height positions Z to be set are then al- 

p p 

ready determined; otherwise they are ascertained, e.g. by 

interpolation, from the calibration positions X, Y located 

around a specimen point X , Y . 

p p 

[0059] At specimen points X , Y , investigations of the specimen 

p p 

are performed; in particular, images are acquired using 
camera 4 or an image sensor 4, or optical measurements 
are performed using a measurement device 5. These in- 
vestigations result, in particular in the context of a plural- 
ity of specimen points X , Y at which the specimen is 

p p 

therefore scanned, in a great time savings as a result of 
the method according to the present invention. This time 
savings can be further increased by way of image acquisi- 
tions or measurements "on the fly," in which the scanning 

state travels through specimen points X , Y without stop- 

p p 

ping. 

[0060] | n a specific exemplary embodiment in which specimen 1 



is scanned line-by-line in the X direction and an image is 

to be acquired at each specimen point X , Y , a scanning 

p p 

procedure is performed in detail as follows: After speci- 
men 1 has been placed onto scanning stage 2, the latter is 
first moved to any arbitrary location on specimen 1. This 
location is referred to as reference location X , Y . Ref- 

ref ref 

erence height Z is determined by focusing with focusing 
system 6 onto reference location X , Y . During focus- 

ref ref 

ing, scanning stage 2 is moved in the Z direction using a Z 
drive, so that in the focused state the Z position of scan- 
ning stage 2 corresponds to reference height Z . The 
same correspondingly applies to alternative focusing 
methods in which optical imaging system 3 is modified. 
[0061] At the beginning of the first scan line, control unit 9 re- 
ceives coordinate information from computation unit 8 

regarding specimen points X , Y to be traveled to in that 

p p 

scan line. For these specimen points X , Y , the specimen 

p p 

height positions Z^ are calculated using reference height Z^ f 
at reference location X , Y and the running height pro- 

ref ref » » k 

file of scanning stage 2. Control unit 9 brings scanning 

stage 2 into specimen height position Z^ of first specimen 

point X , Y . Stage motion is started. As scanning stage 2 
p p 

moves through first specimen point X , Y , an image is 

p p 



acquired using camera 4 and scanning stage 2 immedi- 
ately begins to travel to specimen height position of 

the next specimen point X , Y . For image acquisition, 

p p 

camera 4 is fired by means of a trigger signal (a hardware 
trigger). The trigger signals are either electrical signals or 
optical signals (e.g. via light guides). This hardware trig- 
ger serves at the same time as a signal for the Z drive of 
scanning stage 2 to travel to the next height position Z . 

Scanning stage 2 is not stopped at specimen points X , Y 

p p 

for acquisition of the images, but instead travels at a con- 
stant speed over the entire scan line. 
[0062] At the end of the first scan line, control unit 9 receives 

coordinate information from computation unit 8 regarding 

specimen points X , Y to be traveled to in the second 

p p 

scan line. Once again, the associated specimen height po- 
sitions Z^ are calculated, and scanning stage 2 travels 
from the end to the beginning of the second scan line. 
The entire specimen 1 is scanned in this fashion, and the 
acquired images are further processed for evaluation. In 
the case of a semiconductor wafer as specimen 1, the im- 
age evaluation can be utilized for the detection of defects 
on the entire wafer, and for the classification of faults. 



